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ABSTRACT
Starbursts in the UV Bright Interacting Galaxies 
NGC 3395 NGC 3396
by
Mark Hancock
Dr. Donna Weistrop, Exam ination Committee Chair 
Professor of Physics 
University of Nevada, Las Vegas
We have obtained ultraviolet and visible wavelength images for the interacting 
galaxies, NGC 3395/6, using the Space Telescope Imaging Spectrograph (STIS) on 
Hubble Space Telescope (HST). The images show many isolated sources of ultraviolet 
emission which are young star forming regions with ages <  8x10^ years. Reddening of 
the star forming knots ranges from E(B —V)=0.0 to E(B—V)=0.3, indicating variable 
amounts of dust surrounding these regions. The full width at half maximum of most 
of the knots in both galaxies are <  20 pc. The distribution of far ultraviolet (FUV) 
fluxes in the knots corresponds to  ~  3 to ~  150 05V  stars. These knots were found to 
have masses less than  10® M©. There are no significant difierences in the luminosities, 
sizes, masses and ages of the knots in the two galaxies. The knots in NGC 3395 are 
scattered throughout. There seems to  be no correlation between age and position. 
The knots in NGC 3396 tend to  be younger toward the center and older toward the 
edges, except a t the outer edges where the knots tend to be young.
Ill
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CHAPTER 1 
INTRODUCTION
Understanding star formation is one of the m ajor problems in astrophysics today. 
Optical and infrared observations have provided us with much of what we know about 
starbursts (Meurer et al. 1995). It is in the UV, however, that these concentrations 
of young bright stars dominate the spectral energy distribution.
Previous UV studies of extra galactic star formation have been performed by the 
International Ultraviolet Explorer (lUE) (e.g., Hill et al. 1992). Such spectrographic 
studies were done through a 10" x 20" oval aperture. A large aperture like the one used 
by lUE is limiting in the sense th a t the spectra one measures will contain light from 
the whole source being observed. Other previous UV studies include balloon-bom 
experiments such as FOCA (e.g., Reichen et al. 1994) where UV images of M81 were 
obtained to look at the star formation rate (SFR). The FOCA instrument detected 
UV light centered at 2000 Â. It had a field of view (FOV) of 2.3°. Reichen et al. 
(1994) used UV flux along the spiral arms as an index of the SFR and compared it 
with free-free radio emission and H a emission. These star formation tracers showed a 
prim ary star formation maximum at R =  325" from the center (Reichen et al. 1994).
Short space flights such as FAUST (Deharveng al. 1994) and UIT (e.g.. Hill et 
al. 1992) have also contributed to the study of starbursts. The FAUST instrument 
had a  FOV of 7.6° and a bandpass centered a t ~1650 A (Deharveng et al. 1994). The 
observations of Deharveng et al. (1994) with FAUST were done to study the total 
FUV fluxes of 144 galaxies and found , among other things, tha t the UV flux per unit
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
area (or star formation rate per unit area) decreased on average from late to early 
type spirals.
Hill et al. (1992) obtained UV images of M81 with UIT. The UIT instrument 
had UV band passes centered a t 2490 and 1520 Â. It achieved angular resolutions of 
~  3" (Hill et al. 1992). Colors were found to be consistent with models for young 
clusters reddened according to the Galactic reddening curve. All of these previous UV 
observations were at angular resolutions of >  1". W ith the Hubble Space Telescope 
(HST) we can observe in the UV a t ~  50 mas (milliarcsecond) resolution (Meurer 
et al. 1995). This unprecedented resolution allows us to observe details th a t were 
previously unobservable.
It is known that star formation is influenced by galaxy interactions, but the mech­
anism is not well understood. By studying star forming regions in interacting galaxies, 
we will investigate the characteristics of star formation, how the tidal forces of the 
interactions may impact star formation and the effect of location in the galaxy on star 
formation. We have undertaken a study of the star-forming properties of a system 
of interacting galaxies NGC 3395 & NGC 3396 using the Space Telescope Imaging 
Spectrograph (STIS) on HST. lU E  observations (Kinney et al. 1993) indicate that 
both of these galaxies have strong UV emission. NGC 3395 is clcissified as Sc and 
NGC 3396 is classified as Irr (de Vaucouleurs et al. 1991). These galaxies have a 
linear separation of just 9 kpc (Huang et al. 1994) and a ’bridge’ of optical emission 
is seen between them (Arp 1966). NGC 3395 and NGC 3396 are a t a  distance of 28.3 
Mpc.
The data  were processed and analyzed with IRAF, the Image Reduction and 
Analysis Facility as discussed in Chapters 2 and 3. We find the galaxies have well 
defined knots bright in the ultraviolet. These knots are star forming regions. In 
Chapter 3 we also discuss the starburst models used to analyze the data. In Chapter
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4 we discuss luminosities, luminosity distributions, sizes and colors of the knots. The 
ages and masses of these s ta r forming regions are also discussed in Chapter 4 as well 
as the possibility tha t the characteristics of these knots change with their positions 
in the galaxy.
Throughout this paper there will appear several IRAF terms and task names. 
W ith these task names will, whenever possible, appear a brief description of what the 
task does. This was done intentionally so this paper could be used as a ’cook book’ 
for future investigators.
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CHAPTER 2 
THE DATA 
Observations
Ultraviolet and visible wavelength images for the interacting galaxies NGC 3395/3396 
were obtained using the Space Telescope Imaging Spectrograph on Hubble Space Tele­
scope. The data were taken during cycle 7 observations. One orbit was used to observe 
these targets. Table 1 shows some of the pertinent observational information.
Table 1 Observation Log
Detector Filter •^central FWHM Exp. Time U.T. Date
(A) (A) (sec) of obs.
CCD F28X50LP 7230 1998 300 07/05/98
Far-UV MAMA F25QTZ 1595 206 1000 07/05/98
Near-UV MAMA F25CN182 2010 681 814 07/05/98
The CCD images have a field of view (FOV) of 28" x 50" and the UV images 
have a FOV of 25" x 25". The CCD detector has a scale of 0.0507 "/pixel and the 
UV-MAMA detectors have a scale of 0.0247 "/pixel. Each detector is a 1024x1024 
pixel array. The CCD image has the 28" x 50" field of view because of the STIS filter 
arrangement. The CCD detector itself has a 50" x 50" FOV. On STIS, for the CCD, 
two filters share one filter slot, giving the data images a full display range in the X 
axis and half of the display range in the Y  axis. In other words, not all the pixels are 
exposed in the Y  axis because the filter being used covers half the CCD.
The exposure tim e for the CCD detector of 300 seconds is actually the combined
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
time of two 150 second exposures. The two images are compared and combined to 
eliminate cosmic ray hits. The idea is th a t cosmic rays are very unlikely to hit the 
same pixel or sets of pixels on two different images. The UV-mama detector is not 
affected by cosmic ray hits because it uses an intensified micro-channel plate.
Reductions
HST data are sent to the observers after the da ta  have been processed by what 
is called the ’pipeline’. This refers to the Space Telescope Science Institutes’ (STScI) 
procedures of autom ated reduction. An astronomer will receive his/her HST data 
bias subtracted, fiat fielded and dark subtracted.
Bias subtraction is done to remove the charge electronically added to the pixels on 
the detector. Information is retrieved from a CCD detector by transferring the charge 
in each pixel across the chip. A certain amount of charge is lost in this process. The 
charge transfer efficiency (CTE) is defined as the ratio of the charge read out to the 
original amount of charge in the pixels. The CTE is poor for small amounts of charge, 
so to ensure tha t there is enough charge for a good CTE, charge is electronically added 
to each pixel. This charge is the bias. A bias image is created by taking a zero second 
time exposure. The resultant image will be only of the bias charge. Several of these 
are taken and then combined to form the final bias image. Then the final bias image 
is subtracted from the data image.
The fiat field is divided into the data image to remove the effect of each pixel not 
being equally sensitive to photons of a particular wavelength. The fiat field image is 
created by imaging a known uniform light source, typically a part of the sky during 
twilight if observing from the ground. From space, however, with STIS, fiat fielding 
lamps are used. A tungsten lamp is used for the CCD detector while a deuterium 
lamp is used for the NUV-MAMA and a krypton lamp is used for the FUV-MAMA. 
All external light is blocked when the lamps are used for creating flat field images.
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The dark frame is subtracted from the da ta  images to remove hot pixels from the 
data  image. On long integrations there also will be dark charge that accumulates in 
the pixels due to  the thermal effects in the detector. Our integrations were all short 
enough th a t this was not a significant effect. Hot pixels caused by radiation damage, 
such as cosmic rays, do occur on the CCD detector but not on the MAMA detectors. 
Both the CCD images and the MAMA images have had the dark frames subtracted. 
The dark image is created by taking time exposures with the camera shutters closed. 
W ith no light entering the detector all th a t will be in the image are the hot pixels, 
small amounts of accumulated thermal charge, and the bias charge, which is removed 
separately as described earlier.
In our case, we found it necessary to improve upon the pipeline reduction. In 
particular the images were not corrected with the most up-to-date dark images. In 
the ’pipeline’ all the da ta  in a given week are reduced with the same set of darks. 
These darks are taken a t the beginning of the  week. The result of this is th a t images 
taken near the end of the week will not be reduced with an appropriately up-to-date 
dark. We, therefore, used Starview, a program to access STScI’s data archives, in an 
attem pt to acquire up-to-date darks for the  images of NGC 3395 and NGC 3396 for 
all of our band-passes. We located appropriate dark images for all the da ta  except 
the NGC 3396 CCD image. The dark we found for tha t image unfortunately was not 
corrected for cosmic rays. To fix this problem we then found a dark for the previous 
day, which was also not corrected for cosmic rays. We combined the two darks to get 
an image with a higher signal to noise ratio and removed the cosmic rays with the 
IRAF task CRREJ to create my own corrected dark for the NGC 3396 CCD image.
Once the darks were all found, they were combined and the CCD darks were 
corrected for cosmic rays. CALSTIS was then used to subtract the bias, divide out 
the fiat field and subtract the dark images. The CCD images were then further
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
corrected w ith the COSMICRAYS task to ensure th a t all of the hot pixels were 
removed from the data. At this point there were some negative peaks in the data. 
These are negative hot pixels. They are basically bad pixels w ith low sensitivity. 
To get rid of these negative peaks we multiplied the image by negative one and 
ran the COSMICRAYS task again. Then we multiphed the image by negative one 
again to return it to the correct sign. No data  were lost during this procedure. The 
COSMICRAYS task works by selecting pixels with abnormally high values, defined 
by the user. The bad pixels are fitted with a surface of the surrounding pixels and 
replaced with the fit.
After aU the reduction steps were completed we converted the images from counts 
to fiux units and then scaled them. This was done by dividing the PHOTFLAM 
parameter by the exposure time and multiplying the images by this value. The 
PHOTFLAM param eter is in the header provided by STScI for fiux calibration. It is 
defined as the inverse sensitivity with units of ergs sec”  ̂ cm“ " counts"^ sec. The 
exposure times have units of seconds and the images have units of counts. We then 
have an image with units of fiux, ergs s~^ cm~^ The images were then all scaled 
by 1 X 10^°. This scaling is only a convenience in displaying the images and has no 
scientific bearing. Finally the NUV images were aligned with the FUV images. This 
is because we later created lists of knots common to the FUV and NUV images and 
this was simpler if the images were previously aligned. This was done with the IRAF 
task IMALIGN.
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CHAPTER 3 
ANALYSIS
Description of the Images
Figure 1 shows a STIS CCD image of NGC 3395. The FOV is 28" x 50". A spiral 
arm is clearly visible on the left of the image. A bright knot is seen to the right and 
below the very bright nucleus. Several bright knots are seen throughout the image.
Figure 2 shows the STIS CCD image of NGC 3396. The FOV is 28" x 50". This 
galaxy is seen nearly edge on. The high resolution image allows us to see knots spread 
across a highly elongated structure. There are two bright knots a t the center of this 
image. One of these two regions is likely the dynamical center of the galaxy.
Figure 3 shows a STIS FUV image of NGC 3395. The FOV is 25" x 25". Notice 
tha t the very bright nucleus in the CCD image is not nearly as bright in this FUV 
image. The large bright region in the far right of this image is the knot to the 
lower right of the bright nucleus in the CCD image. Several knots can also be seen 
throughout this image.
Figure 4 shows the STIS FUV image of NGC 3396. FOV is 25" x 25". Notice 
tha t the elongated structure is more evident in this image. Notice, also, the knot in 
the far lower left of this image. This knot can be seen in the CCD image between the 
galaxy and the left edge of the image. The lower of the two bright knots in the CCD 
image is not as bright as the upper knot in this FUV image.
8
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Figure 1 STIS CCD image of NGC 3395. FOV is 28" x 50". Filter used is the 
F28X50LP (Ac =  7230 Â, F W H M  =  1998 Â)
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Figure 2 STIS CCD image of NGC 3396. FOV is 28" x 50". Filter used is the 
F28X50LP (Ac =  7230 Â, F W H M  =  1998 A)
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Figure 3 STIS FUV image of NGC 3395. FOV is 25" x 25". Filter used is the F25QTZ 
(Ac =  1595 Â, F W H M  =  206 Â). Note that the bright knot in the right of this image 
is not the center of the galaxy.
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Figure 4 STIS FUV image of NGC 3396. FOV is 25" x 25". Filter used is the F25QTZ 
(Ac =  1595 Â, F W H M  =  206 Â)
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Identifying the Knots
The brightest knots, >  8 x  10“ ®̂ ergs s*"*̂ cm~^ A“  ̂ over background in the FUV 
and >  7 X  10“ ®̂ ergs s~^ cm“  ̂ Â ~ ^  over background in the NUV, were identified 
using DAOFIND in the DAOPHOT package. A total of 66 knots were found in NGC 
3395 and 51 knots were found in NGC 3396.
DAOFIND is an IRAF routine for identifying objects in a crowded field. The task 
works by fitting a Gaussian to anything tha t matches the chosen detection parameters 
and then reporting the X  and Y coordinates of the center of that Gaussian. Two 
critical detection param eters were used in DAOFIND, threshold and the full width 
a t half maximum (FW HM ). Threshold is the number of counts above background 
an object must have to be detected. FWHM is the width of the Gaussian used by 
DAOFIND to convolve the  data  image. It is actually the resulting convolved image 
tha t is used to detect the knots.
To determine threshold, an iterative process with the IRAF task IMSTAT was 
used. First, we used IMSTAT to get the standard deviation, cr, of the whole image 
with the upper level, or cut off, pixel value (UPV) set to INDEF. Then we ran 
IMSTAT again with UPV set to a particular value. We calculated this value as 
follows, the output a  from the first run of IMSTAT was multiplied by 5 and added to 
the mean pixel value. Then IMSTAT was run again. The new a  was then multiplied 
by 5 and added to the m ean pixel value and again put into IMSTAT as the UPV. 
This was repeated until th e  values of a  all converged. W hat is left is the a  for the 
background. The value of the background cr was confirmed by comparing it with 
several blank regions in the images. The value used for a  in DAOFIND, the number 
of counts above background an object must have to be detected, was twice the value 
of a  determined from IMSTAT. We used a FWHM of 2.3 and 7 for the UV images. 
These values were chosen to  represent a resolved, FWHM =  7, and an unresolved.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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FWHM =  2.3, knot. The X éind Y coordinates of each knot were extracted and saved 
into a separate coordinate file for each UV image. Two coordinate lists per UV image 
were created during this process, one for each FWHM used.
The lists for FWTIM 2.3 and 7 for each UV image were combined. This long list 
was then sorted to  eliminate duplicate points. Any two knots found within ~2 pixels 
of one another were considered to be part of the same knot. To be certain that no 
mistakes were made, the images were visually inspected. A fter this, we were left with 
a single coordinate file for each UV image with no duplicate points. Then the Unix 
task SORT was used to put these lists into numerical order by x coordinate.
The next step was to  remove knots that were not common to both the FUV and 
NUV images of each galaxy. Geometric distortion prevented the two images from 
being exactly lined up, therefore, the X and Y coordinates of a knot are slightly 
different in the FUV and NUV images. The acceptance param eters were set so that 
a knot is identified as the same in both images if its X and Y  coordinates in the FUV 
image were within ~  10 pixels of its coordinates in the NUV image. Finally, the 
coordinate fists were visually inspected to ensure tha t no duplicates were left. Also, 
visual inspection ensured th a t the fists of knots were in the same order. For example, 
knot number 7 should be the same knot in both the FUV and NUV images.
We then wanted to determine the X and Y coordinates of those UV knots in the 
corresponding CCD images. This was done by a direct coordinate transfer from the 
FUV image coordinates to the  CCD coordinates. The CCD detector has different 
size pixels than  the UV-MAMA detectors, making the coordinate transfer necessary. 
We used the equation Xccd = 2 ^ 2  ^ ^ f n v + X o f f  and Feed =  5: ^  ^  Yfuv + Yoff  where 
Xof f  and Yoff  are the offsets of the two systems. X„f f  — Xccd — =  247.4 and
similarly Yofj  =  255.7. We determined Xof f  and Ygff  by selecting three knots tha t 
were common to the FUV and CCD images. We then solved the equations for Xof f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and Yoff  with the coordinates of those three knots. The 2.052 comes from the fact 
th a t the CCD pixels are 2.052 times larger than  the UV-MAMA pixels. As a  final 
verification visual inspection was also employed.
Background Subtraction
W ith a  coordinate fist of all the knots for each bandpass in each galaxy, we were 
able to create background images to subtract from our data for our photometr}-. 
Because several knots were very close together we were unable to use an annulus to 
subtract background from our knots. To alleviate this problem we created background 
images so we could subtract them from the d a ta  images leaving us with images of 
the knots only. The process of creating the backgrounds was sfightly different for 
the CCD images than it was for the UV images. The UV image backgrounds were 
created as follows.
The coordinate lists for the knots were used to create a mask image. The mask 
image is one with only O’s and I ’s. The I ’s are the points at which the knots in the 
lists are located. Next we increased the size of the points to circles with a radius of 
5 pixels for the CCD images and to 10 pixels for the UV images. The difference in 
radius is to account for the difference in pixel size between detectors.
The mask images were then applied to the data images to create the background 
images. The program we created to do this samples the data  image in the region out­
side the masked portions and fits those values across the masked regions. An image 
of just the background is created in this process. Next, a task called BOXCAR was 
used to smooth the background image. The goal was a locally smooth background. 
Several steps of visual inspection and statistical sampling with the IRAF task IM­
STAT showed the background images to be satisfactorily smooth in the regions of the 
knots. All tha t was left to do was to subtract the background images from the data 
images. This was done with IMARITH.
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The backgrounds for the CCD images were created slightly differently because we 
were not able to create locally smooth background images with the above method. 
The only significant difference in the method was re-running DAOFIND. In many 
cases there was an object, bright only in the visible, near the knot we were masking. 
These bright objects were insignificant in the UV images and did not affect the back­
ground smoothing. In the CCD images, however, they left the background lumpy. 
After the “lumpy” background was subtracted from the CCD images we noticed sev­
eral areas with negative values where the background subtracted was too large. We 
therefore ran DAOFIND on the CCD images to identify all the bright objects. The 
coordinate lists of these objects were used only to mask the CCD images and cre­
ate the backgrounds. No analysis was done on these objects. Once we had the lists 
of objects to be masked the backgrounds were created in the same manner as the 
backgrounds for the UV images.
Aperture Photom etry
We initially ran our photometry with aperture sizes of (radius), 4, 8 , 12, 16, and 
20 pixels in the UV images and half the number of pixels in the CCD images. W ith 
so many knots having other knots in close proximity, we found th a t in all but the 
smallest aperture there was severe overlapping of knots. Multiple knots would be 
measured in a single aperture. The problems were alleviated by using an aperture 
radius of 2 pixels (~  0.1") in the CCD images and 4 pixels (~  0.1") in the UV images. 
The only problem with the aperture sizes we used was th a t all the flux of a knot would 
not be measured in these small apertures. This means a correction had be done to 
extrapolate to the real flux. The aperture corrections we used is discussed in the next 
section.
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Aperture Correction
As mentioned in the previous section the fluxes we measured for each knot were 
not the to tal em itted flux because our photometric apertures were not large enough. 
To get the to tal flux we needed to apply an aperture correction. We did this by using 
the Point Spread Function (PSF) of the optical system, HST and STIS. The PSF is 
a function th a t represents the smearing of light by the optics and electronics of the 
instrument used to  image targets. A point source like a star will not be seen on a 
CCD image as a point but rather will be seen extended over multiple pixels. The 
amount of smearing is represented by the PSF. As there was no adequate PSF in the 
STScI archives to be found we created our own. Using the DAOPHOT package, we 
combined several stars in the cluster NGC 6681 to get a  stellar image with a large 
signal to noise ratio. This was done for images of NGC 6681 taken through all three 
of the filters we used for our data. The combined stellar images are our PSFs for each 
bandpass.
We convolved the PSFs with Gaussians of various FWHMs. Then we measured 
the flux in the convolved images through an aperture the same size as tha t used for 
our photometry. We then measured the flux in the convolved images through a large 
aperture, 48 pixels in the UV and 24 pixels in the CCD. Next we measured the FWHM 
of the convolutions. The correction is the ratio of the flux in the large aperture to the 
flux in the photometric aperture for each FWHM and is dimensionless. We created 
a table of the corrections as a function of FWHM.
All tha t was left to do was to measure the FW HM of all the knots in our images. 
By matching the FWHM of a knot with closest FWHM in the correction table we 
got a correction for each knot. Multiplying the correction by the measured flux gave 
us the total flux for each knot.
Plots of these corrections for the CCD and FUV can be seen in Figures 5 and
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6. Tables 2 through 7 present the measured flux, aperture correction, corrected flux, 
error in flux and FWHM for each knot in both NGC 3395 and NGC 3396 for each 
observed bandpass.
CCD Aperture Correction
20
15
10
2.5 5 7.5 10 12.5 15
FWHM (pixels)
Figure 5 CCD Aperture Correction vs FWHM
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FUV Aperture Correction
12.5
10
7.5
5
2.5
10 155
FWHK (pixels)
Figure 6 FUV Aperture Correction vs FWHM
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Table 2 NGC 3395 CCD Fluxes and Knot Sizes.
20
Knot Flux
(xKfO)!
Ap.
Cor.
Cor. Flux 
( x l 02°)i
Error
(x lO ^)^
FWHM
(pixels)
1 96.1 0.54 179.1' 6.8 2.4
2 83.9 0.56 151.0 6.1 2.1
3 34.3 0.42 81.8 7.5 3.6
4 109.0 0.59 185.8 6.4 1.6
5 390.9 0.54 728.0 11.6 2.4
6 137.1 0.54 255.3 7.3 2.4
7 347.6 0.52 672.4 9.8 2.4
8 138.2 0.44 310.8 9.1 3.2
9 32.1 0.47 68.3 7.1 3.0
10 227.5 0.57 396.8 8.3 1.9
11 133.3 0.59 227.2 7.0 1.6
12 336.7 0.59 573.9 8.6 1.1
13 117.7 0.52 227.7 8.3 2.4
14 81.7 0.47 173.9 7.6 2.9
15 56.0 0.44 126.0 6.5 3.2
16 169.1 0.54 315.0 7.6 2.2
17 1381.6 0.56 2488.0 18.2 2.1
18 244.6 0.49 494.7 10.0 2.8
19 24.8 0.56 44.6 5.3 2.1
20 185.6 0.54 345.7 9.3 2.2
21 190.7 0.54 355.3 8.6 2.4
22 74.7 0.47 159.0 7.1 3.1
23 196.8 0.56 354.5 8.0 2.0
24 162.9 0.49 329.5 8.9 2.7
25 159.9 0.49 323.5 8.3 2.7
26 264.0 0.52 510.7 10.3 2.5
27 212.8 0.52 411.6 8.6 2.4
28 127.3 0.47 270.9 8.9 3.0
29 158.0 0.57 275.5 7.8 1.8
30 70.6 0.54 131.5 7.6 2.2
31 112.0 0.56 201.8 6.8 2.1
32 67.6 0.54 125.9 5.9 2.4
33 164.9 0.54 307.2 7.7 2.2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
Knot Flux
( x l 02°)l
Ap.
Cor.
Cor. Flux 
( x l 02°)i
Error
( x l 020)i
FWHM
(pixels)
34 160.8 0.49 325.2 10.7 2.7
35 118.0 0.52 228.3 7.5 2.6
36 135.5 0.44 304.7 9.9 3.3
37 308.0 0.54 573.6 10.1 2.2
38 297.8 0.30 977.0 20.2 4.7
39 345.9 0.39 877.6 16.2 3.7
40 248.3 0.49 502.2 10.5 2.9
41 131.2 0.56 236.4 7.8 2.0
42 111.3 0.35 320.8 11.8 4.2
43 213.6 0.56 384.7 8.5 2.0
44 104.4 0.52 201.9 8.1 2.6
45 66.1 0.56 119.1 7.3 2.0
46 201.6 0.54 375.4 9.2 2.2
47 57.5 0.39 146.0 10.2 3.7
48 46.4 0.37 125.3 7.7 4.0
49 73.7 0.52 142.6 8.3 2.5
50 63.3 0.56 113.9 5.3 2.0
51 61.2 0.14 432.5 30.5 7.8
52 321.1 0.56 578.3 10.2 2.0
53 176.8 0.37 477.9 10.8 3.9
54 513.2 0.52 992.8 13.5 2.5
55 219.1 0.49 443.1 11.1 2.7
56 17.6 0.42 42.1 6.6 3.4
57 285.1 0.49 576.6 11.8 2.8
58 1583.4 0.15 10623.1 72.0 7.7
59 2180.8 0.19 11721.9 68.0 6.8
60 1524.1 0.22 6856.7 47.5 6.0
61 1580.0 0.39 4008.4 28.8 3.7
62 2460.6 0.54 4583.0 24.8 2.2
63 127.6 0.49 258.2 9.6 2.7
64 447.0 0.56 805.0 14.8 2.1
65 278.2 0.17 1674.6 33.5 7.1
66 53.5 0.24 226.3 13.3 5.7
^flux units presented in ergs s  ̂ cm  ̂ Â ^
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Table 3 NGC 3396 CCD Fluxes and Knot Sizes.
Knot Flux
(xl(pO)i
Ap.
Cor.
Cor. Flux 
( x l 020)i
Error
(xlO^)^
FWHM
(pixels)
1 224.8 0.56 404.8 5.1 2.0
2 86.5 0.59 147.4 6.6 1.6
3 92.9 0.56 167.4 6.4 2.0
4 102.3 0.29 358.2 14.1 4.9
5 44.6 0.56 80.3 6.8 2.0
6 132.8 0.33 408.4 13.8 4.5
7 573.6 0.33 1764.0 21.6 4.6
8 556.5 0.49 1125.5 14.2 2.7
9 452.6 0.18 2575.6 38.1 6.9
10 642.6 0.14 4544.5 52.0 8.0
11 110.6 0.21 528.6 23.0 6.2
12 140.0 0.49 283.2 10.2 2.7
13 591.7 0.49 1196.7 14.8 2.7
14 606.3 0.39 1538.2 19.0 3.7
15 192.0 0.12 1579.9 45.2 8.5
16 595.5 0.47 1266.9 15.3 3.0
17 726.6 0.33 2234.4 24.2 4.5
18 788.6 0.27 2942.2 30.2 5.3
19 125.8 0.54 234.3 8.6 2.2
20 52.6 0.52 101.7 8.1 2.5
21 159.5 0.52 308.5 26.1 2.6
22 206.1 0.52 398.6 13.2 2.5
23 428.8 0.44 964.3 13.7 3.3
24 196.5 0.42 468.7 15.9 3.5
25 1083.9 0.33 3333.0 30.4 4.6
26 3072.5 0.14 21727.9 150.6 7.8
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Knot Flux
( x l 02°)i
Ap.
Cor.
Cor. Flux 
(x  1020)1
Error
( x l 020)i
FWHM
(pixels)
27 5784.6 0.54 10774.1 39.8 2.3
28 181.1 0.49 366.3 12.8 2.9
29 350.6 0.08 4500.0 98.7 11.0
30 89.6 0.56 161.4 7.2 2.1
31 739.9 0.13 5509.4 66.0 8.2
32 1316.8 0.30 4320.4 34.9 4.7
33 1028.2 0.27 3836.4 36.9 5.2
34 273.5 0.24 1157.2 29.4 5.7
35 521.1 0.37 1408.3 23.1 4.0
36 200.4 0.08 2571.6 87.5 11.1
37 1157.3 0.56 2084.0 17.7 2.1
38 232.8 0.33 715.9 19.6 4.6
39 145.1 0.07 2095.4 95.7 11.7
40 143.4 0.29 501.8 20.8 5.0
41 157.8 0.49 319.1 10.9 2.8
42 147.3 0.30 483.2 21.2 4.8
43 1076.0 0.49 2176.4 20.4 2.7
44 423.7 0.52 819.6 16.5 2.6
45 517.3 0.29 1810.6 31.3 5.0
46 67.5 0.49 136.6 8.8 2.7
47 81.2 0.44 182.6 9.9 3.2
48 1270.3 0.52 2457.5 21.5 2.5
49 8288.2 0.57 14456.1 50.5 1.8
50 30.6 0.49 61.8 6.9 2.8
51 51.5 0.39 130.6 10.3 3.9
^flux units presented in ergs s  ̂ cm  ̂ Â ^
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Table 4 NGC 3395 FUV Fluxes and Knot Sizes.
Knot Flux 
(x  10^)1
Ap.
Cor.
Cor. Flux 
(x  1020)1
Error
(x  10 0̂)1
FWHM
(pixels)
1 1109.6 0.36 3040.4 318.1 7.4
2 1011.9 0.34 2980.4 327.2 7.8
3 1014.0 0.55 1839.6 219.0 4.2
4 983.6 0.57 1733.0 214.1 3.8
5 2208.2 0.48 4621.1 344.2 5.6
6 1490.7 0.48 3119.6 281.7 5.4
7 2930.9 0.42 6975.5 436.0 6.7
8 1852.9 0.55 3361.5 273.8 4.0
9 1954.1 0.59 3326.2 262.7 3.0
10 2120.9 0.58 3660.8 287.0 3.2
11 1571.6 0.39 4009.9 379.3 6.8
12 7597.5 0.59 12932.7 496.9 2.9
13 926.7 0.48 1939.3 266.2 5.5
14 1208.8 0.58 2086.5 214.1 3.3
15 1989.1 0.57 3504.6 275.7 3.7
16 1142.6 0.55 2072.8 223.8 4.2
17 12184.5 0.59 20740.6 642.4 2.8
18 1940.7 0.59 3266.3 262.8 2.7
19 1051.7 0.58 1815.4 199.1 3.4
20 2735.0 0.51 5412.5 359.8 5.1
21 1379.9 0.59 2348.8 225.1 3.0
22 2028.5 0.36 5558.5 433.5 7.6
23 1742.5 0.58 3007.8 248.1 3.4
24 2944.8 0.59 5012.8 322.6 2.9
25 4019.9 0.55 7293.0 309.8 3.9
26 5775.0 0.60 9678.6 429.3 2.4
27 1854.3 0.60 3107.6 266.2 2.4
28 1615.3 0.60 2707.2 250.7 2.2
29 2596.1 0.53 4896.4 339.7 4.4
30 1411.9 0.58 2437.0 246.8 3.4
31 1601.5 0.60 2684.0 250.7 2.0
32 1322.7 0.58 2283.1 219.7 3.1
33 1269.7 0.55 2303.4 244.0 4.1
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Knot Flux 
(x  1020)1
Ap.
Cor.
Cor. Flux 
(xlO*))!
Error 
(x  1020)1
FWHM
(pixels)
34 1599.8 0.59 2723.3 244.5 3.1
35 1863.1 0.60 3122.4 284.4 2.3
36 2373.9 0.59 4040.8 303.3 3.0
37 1561.4 0.53 2944.9 269.3 4.7
38 3372.1 0.34 9931.7 625.1 8.1
39 7676.7 0.55 13927.0 548.7 4.0
40 3459.4 0.26 13553.0 853.6 9.9
41 1342.3 0.60 2249.7 229.8 2.2
42 1935.0 0.57 3409.3 289.7 3.6
43 2164.5 0.58 3736.1 287.6 3.3
44 3005.7 0.59 5116.3 328.8 2.7
45 2334.1 0.57 4112.5 326.1 3.6
46 2305.9 0.60 3864.5 288.3 2.4
47 1732.8 0.55 3143.6 291.7 3.9
48 1484.0 0.57 2614.6 233.7 3.7
49 1312.3 0.58 2265.1 246.3 3.4
50 1277.6 0.59 2174.7 209.9 3.0
51 3630.8 0.53 6848.0 409.7 4.7
52 5816.5 0.59 9900.9 459.9 2.9
53 4267.7 0.45 9503.2 487.5 6.2
54 17072.7 0.59 29061.5 751.0 2.7
55 1246.9 0.60 2089.7 318.6 2.0
56 925.7 0.55 1679.4 198.1 3.9
57 8424.9 0.51 16672.3 673.9 5.1
58 42793.9 0.45 95292.7 1545.1 6.1
59 28958.6 0.39 73886.9 1484.5 7.0
60 52798.7 0.45 117571.1 1706.7 6.0
61 47640.6 0.51 94277.8 1446.6 5.1
62 88065.6 0.59 149907.2 1692.5 2.9
63 1660.2 0.51 3285.4 382.7 5.1
64 8797.3 0.51 17409.3 678.1 5.1
65 4815.0 0.51 9528.6 544.8 4.9
66 1394.4 0.59 2373.5 239.5 2.9
^flux units presented in ergs s  ̂ cm~^
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Table 5 NGC 3396 FUV Fluxes and Knot Sizes.
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Knot Flux 
(x  1020)1
Ap.
Cor.
Cor. Flux 
( x l 02°)i
Error
(xlO%^i
FWHM
(pixels)
1 3048.6 0.51 6033.0 368.5 5.2
2 1785.5 0.58 3082.0 271.1 3.5
3 1993.5 0.58 3440.9 274.2 3.2
4 2567.5 0.42 6110.6 440.1 6.6
5 1854.2 0.58 3200.5 281.6 3.4
6 648.2 0.55 1175.9 250.7 4.3
7 5197.6 0.42 12370.4 697.7 6.3
8 16122.7 0.59 27135.1 767.7 2.7
9 6519.7 0.58 11253.5 543.1 3.4
10 14305.6 0.57 25205.0 760.2 3.7
11 1514.5 0.53 2856.5 351.4 4.7
12 1202.5 0.59 2047.0 287.0 3.0
13 5706.5 0.51 11292.8 546.9 4.9
14 5692.8 0.53 10737.2 520.3 4.6
15 3086.6 0.48 6459.4 472.1 5.4
16 7003.0 0.59 11920.7 507.6 2.9
17 5727.3 0.57 10090.8 492.0 3.6
18 6868.1 0.53 12953.8 569.0 4.4
19 1503.9 0.57 2649.8 289.0 3.7
20 2186.1 0.60 3663.8 318.1 2.0
21 2243.9 0.55 4070.8 399.9 4.3
22 1225.4 0.58 2115.1 385.4 3.3
23 4198.8 0.55 7617.4 447.5 4.0
24 1752.5 0.58 3024.9 391.2 3.4
25 10308.7 0.32 32638.8 1189.4 8.4
26 27043.0 0.24 113487.0 2371.4 10.4
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Knot Flux 
(x  10 0̂)1
Ap.
Cor.
Cor. Flux 
(x lO ^^i
Error 
(x  10:0)1
FWHM
(pixels)
27 87682.4 0.59 149254.8 1681.0 3.0
28 2424.4 0.57 4271.5 406.9 3.5
29 3597.5 0.53 6785.2 503.2 4.6
30 1124.1 0.59 1913.5 251.5 3.0
31 3873.0 0.45 8624.3 627.2 6.1
32 18308.3 0.42 43574.4 1118.8 6.4
33 14787.0 0.42 35193.4 1013.5 6.5
34 3126.3 0.55 5671.8 458.3 4.3
35 5455.1 0.59 9285.9 463.0 2.9
36 3465.2 0.60 5807.6 448.7 2.2
37 7193.4 0.59 12244.7 513.8 3.1
38 2606.6 0.58 4499.2 407.7 3.3
39 905.0 0.57 1594.5 373.1 3.7
40 1748.3 0.57 3080.2 360.3 3.9
41 783.5 0.55 1421.3 304.4 4.0
42 1766.0 0.59 3006.2 334.6 2.8
43 1435.2 0.59 2443.0 302.1 2.8
44 2161.9 0.55 3922.1 368.7 4.2
45 1883.2 0.60 3156.2 363.1 1.6
46 1044.7 0.57 1840.6 209.0 3.8
47 1669.1 0.45 3716.7 356.6 6.2
48 4895.5 0.59 8333.3 473.1 3.0
49 15308.3 0.59 26058.2 729.3 2.9
50 1542.6 0.60 2585.3 242.3 2.0
51 1570.8 0.59 2673.8 257.3 2.9
^flux units presented in ergs s  ̂ cm  ̂ Â ^
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Table 6 NGC 3395 NUV Fluxes and Knot Sizes.
Knot Flux 
(x 10:0)1
Ap.
Cor.
Cor. Flux 
( x l 0:° ) '
Error 
(x  10:0)1
FWHM
(pixels)
1 903.5 0.60 1514.0 152.6 3.6
2 808.3 0.60 1354.4 143.3 3.4
3 668.2 0.61 1098.9 141.0 3.1
4 772.6 0.60 1294.7 150.2 3.5
5 1876.4 0.58 3233.0 208.9 3.8
6 899.9 0.58 1550.5 158.1 4.0
7 2026.8 0.50 4025.3 244.4 5.4
8 1340.6 0.47 2835.4 227.1 5.9
9 1413.3 0.61 2324.2 177.0 3.0
10 1330.6 0.61 2188.3 178.2 3.1
11 1098.4 0.50 2181.6 215.4 5.3
12 5822.7 0.62 9462.1 322.8 2.9
13 833.0 0.41 2023.4 232.0 6.7
14 999.3 0.58 1721.8 161.0 4.1
15 1096.1 0.58 1888.6 172.0 4.0
16 1019.6 0.60 1708.5 165.3 3.4
17 8499.9 0.61 13978.6 405.4 3.2
18 1337.0 0.56 2392.8 196.0 4.4
19 709.6 0.61 1167.0 136.3 3.0
20 1985.6 0.60 3327.2 212.0 3.7
21 865.2 0.62 1406.1 148.7 2.8
22 1186.1 0.58 2043.7 178.3 4.2
23 1158.0 0.61 1904.4 164.1 3.0
24 1800.4 0.58 3102.0 214.3 4.0
25 3094.9 0.58 5332.5 273.1 4.2
26 4277.9 0.58 7370.6 301.7 3.9
27 1456.2 0.62 2366.4 187.6 2.7
28 1068.4 0.58 1840.8 177.8 3.9
29 1842.6 0.53 3459.3 237.4 5.0
30 1566.7 0.58 2699.4 205.0 4.0
31 861.9 0.58 1485.1 167.3 4.2
32 900.4 0.60 1508.8 150.9 3.5
33 869.6 0.47 1839.2 203.3 6.0
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Knot Flux 
(x  10:0)1
Ap.
Cor.
Cor. Flux 
( x l 0:°)^
Error 
(x  10:0)1
FWHM
(pixels)
34 1179.3 0.60 1976.1 174.3 3.6
35 1376.2 0.38 3595.3 313.8 7.2
36 1668.9 0.58 2875.5 210.8 4.0
37 1034.1 0.58 1781.7 174.6 3.8
38 2218.0 0.50 4405.1 284.5 5.4
39 5539.5 0.56 9914.1 360.1 4.3
40 2794.5 0.29 9788.9 546.1 9.4
41 864.4 0.61 1421.5 154.5 3.0
42 1342.6 0.58 2313.3 201.1 4.1
43 1666.3 0.60 2792.1 199.8 3.7
44 1620.7 0.60 2715.7 202.0 3.3
45 1530.7 0.61 2517.3 203.0 3.0
46 1217.3 0.58 2097.3 183.1 4.1
47 1054.3 0.50 2093.9 207.4 5.5
48 881.7 0.58 1519.2 152.2 4.2
49 1070.4 0.58 1844.3 180.8 4.2
50 849.0 0.58 1462.9 150.9 3.9
51 2030.0 0.53 3811.0 252.7 4.8
52 3703.4 0.60 6205.8 282.5 3.5
53 2763.2 0.41 6712.2 338.0 6.8
54 10462.5 0.61 17206.2 436.7 3.2
55 1010.8 0.56 1809.0 234.2 4.6
56 642.9 0.61 1057.3 133.2 3.2
57 6105.1 0.31 19889.7 741.8 8.7
58 26430.5 0.44 59812.4 1026.6 6.5
59 17510.2 0.22 80928.7 1974.8 11.1
60 31227.9 0.41 75858.0 1110.9 6.8
61 28647.1 0.50 56895.0 890.3 5.5
62 53296.1 0.60 89306.9 988.9 3.7
63 1112.8 0.58 1917.3 216.8 3.9
64 6517.6 0.25 26300.0 882.1 10.4
65 2173.5 0.53 4080.6 290.9 4.9
66 1383.2 0.58 2383.3 198.2 4.1
^flux units presented in ergs s  ̂ cm : Â ^
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Table 7 NGC 3396 NUV Fluxes and Knot Sizes.
30
Knot Flux
( x l 0:°)i
Ap.
Cor.
Cor. Flux 
(x  10:0)1
Error 
(x  10:0)1
FWHM
(pixels)
1 2488.5 0.56 4453.7 244.0 4.3
2 1259.1 0.62 2028.2 173.4 2.4
3 1239.9 0.60 2077.6 175.9 3.4
4 1676.8 0.41 4073.1 300.6 6.9
5 1249.9 0.58 2153.5 193.7 3.9
6 364.2 0.62 586.6 156.7 2.4
7 4525.5 0.44 10241.2 466.6 6.3
8 11163.4 0.62 18141.0 481.4 2.7
9 5828.6 0.44 13190.1 487.2 6.3
10 11016.9 0.60 18460.7 488.1 3.7
11 1210.8 0.44 2740.1 298.2 6.4
12 771.4 0.47 1631.4 244.0 5.7
13 4183.1 0.50 8307.8 368.1 5.3
14 3589.2 0.58 6184.1 314.9 4.1
15 1703.7 0.50 3383.7 283.2 5.2
16 4728.1 0.58 8146.4 334.0 3.8
17 4093.7 0.58 7053.3 328.8 3.8
18 4880.8 0.56 8735.1 356.8 4.3
19 1283.6 0.53 2409.8 228.1 4.8
20 1305.5 0.58 2249.3 211.2 4.2
21 1662.1 0.44 3761.4 344.4 6.4
22 907.6 0.61 1492.7 254.5 3.0
23 2761.8 0.50 5485.1 320.6 5.3
24 1332.2 0.60 2232.3 265.3 3.4
25 8374.1 0.33 25352.3 838.4 8.4
26 15261.6 0.31 49720.3 1140.5 8.9
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Knot Flux 
(x  10:0)1
Ap.
Cor.
Cor. Flux 
( x l 0:°)i
Error 
(x  10:0)1
FWHM
(pixels)
27 59520-4 0.61 97884.5 1039.8 3.1
28 1540.8 0.60 2581.9 255.8 3.7
29 2626.3 0.33 7951.2 550.9 8.4
30 670.7 0.62 1090.0 168.1 2.8
31 3121.4 0.41 7582.3 467.0 6.9
32 12982.8 0.38 33917.3 808.9 7.4
33 10465.5 0.41 25422.6 703.6 6.9
34 2037.5 0.62 3281.9 265.8 2.4
35 3790.7 0.61 6234.1 302.4 3.2
36 2286.7 0.56 4092.5 315.4 4.3
37 5243.8 0.60 8786.9 337.3 3.4
38 1718.9 0.60 2880.4 260.7 3.7
39 1059.7 0.61 1742.7 253.5 3.1
40 1182.2 0.44 2675.3 318.3 6.6
41 609.2 0.47 1288.3 250.1 5.7
42 1248.2 0.36 3510.2 397.3 7.6
43 1444.6 0.44 3269.0 311.4 6.4
44 728.6 0.58 1255.4 247.4 4.2
45 1526.4 0.53 2865.7 288.6 4.9
46 1606.3 0.58 2767.5 150.8 3.8
47 966.4 0.61 1589.2 180.7 3.2
48 3704.6 0.61 6092.3 315.2 3.2
49 10905.3 0.60 18273.7 473.7 3.4
50 875.4 0.62 1422.5 156.3 2.6
51 921.1 0.53 1729.2 189.8 4.9
iflux units presented in ergs s i cm :  Â i
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Errors
All of the flux measurements have uncertainties associated with them. STIS cal­
culates the error in the counts for each pixel in an image. These values are stored 
in an error array which is provided for each image. The error arrays are in the same 
units as the data  arrays. The error arrays were processed in the same way as the 
da ta  images. This means they were carried along with the data  images during the 
normal reductions, they were flux calibrated and scaled by lÔ o and the NUV error 
arrays were shifted to line up with the FUV error arrays. Errors need to be added in 
quadrature so we did photometry on the square of the error arrays. We used the same 
apertures as we used to  measure the flux, so what the PHOT package gives me as 
flux is actually the square of the error in flux. Finally we applied the same aperture 
corrections to  the errors as were applied to  the fluxes.
Staurburst Models
Now that we have the fluxes for each of the  knots it is time to determine the ages. 
To do this we used the Staxburst 99 models of Leitherer et al. (1999). W ith these 
models we were able to constrain the ages of the knots by comparing our measured 
colors with the colors of the evolutionary models.
The Starburst 99 models are a set of model predictions for properties of star form­
ing regions in galaxies with active star formation. In particular, these evolutionary 
synthesis models give the predicted spectral energy distributions which we used to 
compute colors. The computational technique and calculations used by Leitherer et 
al. can be summed up as follows. F irst, an assumption about the star formation 
rate was made. Models for instantaneous and continuous star formation were made 
available. Instantaneous star formation is the  assumption that 10® M© of stars has 
formed a t once and is 1 Myrs old. Continuous sta r formation is the assumption tha t 
stars are forming a t a rate of IM© yr“ .̂ Next, an initial mass function (IMF) was
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assumed. An IMF is a power law th a t describes the distribution of stars by mass 
truncated with Miower =  1 M© to  Mapper =  100 M© . After that, Leitherer et al. 
(1999) assume a metalhcity. It is also assumed that each stellar generation has the 
same metallicity during the evolution of that population. Then each of the stars de­
scribed by the chosen IMF is run through the stellar evolution and stellar atmosphere 
models of Lejeune et al. (1997). These models predict the change in stellar properties 
with time. The time resolution of these models is 0.1 Myrs. W hat Leitherer et al. 
(1999) gets essentially is the flux produced by all the stars as a function of time.
The starburst models are available with the abundances Z  =  0.001, Z  — 0.004, 
Z  =  0.008, Z  =  0.020 and Z  =  0.040. The differences in metallicity were found to 
be too small to distinguish compared to  the uncertainties in our data for most of the 
knots. Models of different IMFs are also available with 7  =  2.35 (Salpeter 1955), 
7  =  3.3 and an IMF truncated a t 30 M© with 7  =  2.35, where 7 is the exponent of 
the IMF power law. The differences in models with these IMFs were smaller than 
th a t of metallicity. The total mass of stars assumed in each model was 10® M©. The 
age coverage of the models is 10® to 10  ̂ years.
In order to compare our da ta  with these models and predict the fluxes we would 
observe, the models were convolved with our instrument band passes. Leitherer et al. 
(1999) did not include H a emission lines, the nebular contributions, in the models. 
Only stellar contributions were included. We added the H a emission lines by taking 
the ratio of the equivalent width of H a, from the models, to the continuum, also from 
the models. This had a small effect only on the CCD models at the young end, less 
than  ~  10 Myrs.
The models were reddened w ith an E(B—V)=O.G to E(B—V)=0.6 in 0.1 intervals. 
The Calzetti et al (1994) reddening law was used. This reddening law was better 
suited to our observations than the standard Milky Way reddening law as it was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
derived for UV observations of starburst galaxies. We assumed instantaneous star 
formation, solar abundances and a Salpeter IMF. The model FUV luminosities were 
calibrated to the  distance of NGC 3395 and NCC 3396 and converted to fluxes as 
described in the “Luminosities, Masses and Sizes of the Knots” section.
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CHAPTER 4 
DISCUSSION
Age Constraints and Reddening
Figure 7 shows the plot of the model of Leitherer et al. (1999) for 2 different 
reddening values, E(B—V)=0.0 and E(B—V)=0.3. The numbered diamonds and 
circles m ark ages in millions of years. Solar abundances, instantaneous star formation, 
and a Salpeter IMF, were assumed for this model. Figures 8 & 9 plot the ratio of 
the FUV flux, F a i 5 9 5 ,  to the visible flux, F a 7 2 3 o ,  v s .  the ratio of FUV flux, F a i s 9 5 ,  
to the NUV flux, FAzoio, superimposed over the model of Figure 7. Figure 8 is for 
NCC 3395 and Figure 9 is for NCC 3396. The two different reddenings are shown as 
the extremes. Reddenings somewhere between these two values most closely match 
the individual data  points. Cround based spectra support a range of reddening for 
NCC 3395 and NCC 3396 of E(B—V)=0.0-0.3 (Weistrop et al. 1998). The range in 
reddening for both galaxies suggests a patchy system of dust. From these plots it 
can be seen tha t most knots in both galaxies have ages <  8 x 10  ̂ years regardless of 
the reddening. It can also be seen, however, that we have two effects, reddening and 
age, th a t affect the color that is measured. The age of a knot affects the color. As a 
cluster or group of stars evolves it reddens. As the large bright blue O stars die off, 
the light from the redder B and A stars becomes dominant. Unfortunately, dust also 
reddens light. So a knot with particular observed colors and estim ated E (B —V)=0.0 
is determined to be older than the same knot with an estim ated E(B—V)=0.6.
We have defined the best age of a knot as being the age corresponding to the point 
on the model th a t is closest to the data  point within 3 sigma. We have defined the
35
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maximum age as the age of the oldest model point within 3 sigma of the data point. 
The minimum age is defined as the youngest age of a model within 3 sigma of the 
da ta  point. These ages were obtained by a comparison of the data and the model 
with the entire range of reddening, E(B—V)=0.0 to E(B—V)=0.6.
Figures 10 through 15 show the distributions of best age, maximum age and 
minimum age for the knots in both NGC 3395 and NGC 3396. Figure 10 shows that 
the majority of knots in NGC 3395, 52 of them, to have ages less than 20 Myrs and 
43 knots have ages less than 10 Myrs. Figure 11, the maximum ages for NGC 3395, 
shows 19 knots to have ages less than 20 Myrs and 14 knots to have maximum ages 
less than  10 Myrs. Figure 13, the best ages, shows that 30 knots in NGC 3396 have 
ages less than 20 Myrs and 24 knots have ages less than 10 Myrs. Figure 14 shows 
th a t 7 knots in NGC 3396 have a maximum age less than 20 Myrs and 6 knots to 
have ages less than 10 Myrs. Figures 12 and 15 show that all of the knots in NGC 
3395 and NGC 3396 have a minimum age less than 10 Myrs. Tables 8 and 9 show 
the X and Y coordinates for the FUV images, minimum, maximum and best ages, 
and E(B —V) for the best ages. Huang et al. (1994) found observational evidence for 
recent star formation in these galaxies which ended about 4 x 10^ years ago. The 
ages we found for several of the knots, within 3 sigma, must be < 4 x 10^ years. It 
seems then, that there has been star formation in parts of NGC 3395 and NGC 3396 
as recently as 5 x 10® years. Two knots have very likely formed 2 x 10® years ago.
We find that the starbursts in NGC 3395 are scattered through our image of the 
galaxy. There seems to be no obvious correlation between age and position. There 
are some knots tha t are quite young, ~10 Myrs, toward the center of the galaxy 
and there are some th a t are older, ~80 Myrs, toward that outer edge of the image. 
One could almost convince oneself th a t there is a trend there but the presence of 
some young knots at the outer edge and some old knots near the center make such a
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claim difficult to  justify. We are not, however, looking at the entire galaxy. We have 
observed, in the UV, a  25" x 25" piece of the inner part of the galax}% This works 
out to be a square ~3400 pc on a side. It is possible that the ages of the knots in the 
regions not observed are significantly different from those observed.
As with NGC 3395, it is difficult to say with any certainty that there is a corre­
lation between age and position of the starbursts in NGC 3396. Several knots with 
ages ~10 Myrs can be seen near the center of this galaxy. The ages of knots appear 
to  increase toward the outer edges of the image. At the edges of the image there are 
a  couple of very young knots with ages <40 Myrs. Once again, however, there are 
knots with a range of ages in all observed parts of this galaxy.
Huang et al. (1994) argued tha t starburst activity occurred only in the central 
regions of NGC 3396, but more widely within NGC 3395. Our observations, being 
of much higher spatial resolution and smaller FOV, show th a t starburst activity is 
widely spread in both NGC 3395 and NGC 3396. The data  taken by Huang et al. 
(1994) have a much larger field of view (FOV) than ours and contain the whole NGC 
3395/3396 system. We are observing each of these galaxies separately with a FOV of 
~3.4 kpc by ~3.4  kpc about the approximate galactic centers. However, our results 
do not contradict the findings of Huang et al. (1994).
In summary, we have found tha t the data  is most closely matched with a reddening 
ranging from E(B—V)=0.0 to E(B—V)=0.3. This range of extinction implies a very 
patchy system of dust. The effects of metallicity and IMFs were found to be small 
compared to the uncertainty in our data. Most of the knots were found to have ages 
<80 Myrs. In NGC 3395, 14 knots must have ages <10 Myrs. In NGC 3396, 6 knots 
must have ages <10 Myrs. We find a  very young population, ~  6.5 x 10® years, just 
beside the center and older populations away from the galactic center in NGC 3395. 
In NGC 3396 we find the youngest populations near the center and a t the outer edges.
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S ia r b u r s t  M od els
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.25 .5- . 2 5 0- . 5
Log FÜV /  NUV
Figure 7 The solid line shows the Staxburst 99 evolutionary track assuming the 
Salpeter IMF, solar abundance and E(B—V)=0.0. The dashed line shows the corre­
sponding E(B—V)=0.3 evolutionary track. The diamonds and circles mark the ages 
in millions of years.
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NGC 3 3 9 5
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Figure 8 Log FUV/CCD vs. log FUV/NUV plot for NGC 3395. The solid line shows 
the Starburst 99 evolutionary track assuming the Salpeter IMF, solar abundance and 
E(B—V)=0.0. The dashed line shows the corresponding E(B—V)=0.3 evolutionary 
track. The diamonds and circles mark the ages in millions of years. Error bars are 1 
a.
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Figure 9 Log FUV/CCD vs. log FUV/NUV plot for NGC 3396. The solid line shows 
the Staxburst 99 evolutionary track assuming the Salpeter IMF, solar abundance and 
E(B—V)=0.0. The dashed line shows the corresponding E(B—V)=0.3 evolutionary 
track. The diamonds and circles m ark the ages in millions of years. Error bars are 1
( j .
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Figure 10 Distribution of best ages for NGC 3395.
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Figure 11 Distribution of maximum ages for NGC 3395.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
NGC 3 3 9 5
50
40
30
20
10
82 64
A ge i n  M yrs
Figure 12 Distribution of minimum ages for NGC 3395.
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Figure 13 Distribution of best ages for NGC 3396.
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Figure 14 Distribution of maximum ages for NGC 3396.
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Figure 15 Distribution of minimum ages for NGC 3396.
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Knot X
(FUV)
Y
(FUV)
Min Age 
(Myrs)
Max Age 
(Myrs)
Best Age 
(Myrs)
E (B -V )
(Best)
34 675.88 487.96 1.00 82.80 23.60 0.1
35 686.83 307.81 1.00 36.00 3.00 0.2
36 713.14 324.01 1.00 28.40 10.16 0.1
37 732.93 845.46 1.00 204.00 148.00 0.0
38 764.22 624.26 1.00 60.40 37.60 0.0
39 765.27 618.07 1.04 18.52 6.00 0.1
40 775.24 827.76 1.16 37.20 5.48 0.2
41 797.76 380.33 1.00 83.60 50-80 0.0
42 817.11 725.80 1.00 29.60 9.88 0.1
43 821.92 363.83 1.00 74.80 6.28 0.2
44 823.02 709.91 1.00 12.20 1.00 0.0
45 831.05 750.76 1.00 6.40 6.04 0.0
46 864.18 333.29 1.00 62.80 36.40 0.0
47 886.97 529.99 1.00 12.48 6.24 0.0
48 890.06 33.90 1.00 12.24 1.00 0.0
49 890.88 673.60 . 1.00 34.00 12.00 0.1
'  50 894.22 27.23 1.00 26.40 16.88 0.0
51 894.88 533.18 2.68 3.28 3.00 0.0
52 902.77 545.22 1.00 23.60 8.52 0.0
53 904.96 46.76 1.24 17.52 12.04 0.0
54 909.22 538.03 1.00 6.20 6.12 0.0
55 927.82 449.00 1.00 212.00 23.20 0.2
56 938.74 295.18 1.00 6.32 3.00 0.0
57 956.04 443.41 2.60 6.40 6.24 0.0
58 957.44 461.50 2.56 6.40 6.36 0.0
59 959.11 472.61 7.96 8.00 8.00 0.0
60 960.21 460.05 1.00 1.40 1.20 0.0
61 961.81 465.89 6.28 6.28 6.28 0.0
62 965.36 471.26 1.20 1.52 1.36 0.0
63 969.24 434.72 1.00 64.00 30.00 0.0
64 974.43 461.92 6.04 20.40 6.16 0.1
65 983.46 480.64 1.00 26.40 8.40 0.0
66 1000.86 971.24 5.36 6.24 5.52 0.1
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Knot X
(FUV)
Y
(FUV)
Min Age 
(Myrs)
Max Age 
(Myrs)
Best Age 
(Myrs)
E (B -V )
(Best)
27 518.67 637.04 2.64 26.00 24.80 0.0
28 521.01 690.13 1.00 56.00 8.00 0.0
29 522.22 669.10 1.00 71.60 22.80 0.1
30 525.09 944.01 1.00 72.40 31.60 0.0
31 530.15 643.03 1.00 184.00 26.00 0.2
32 527.03 622.97 1.76 30.40 12.56 0.1
33 529.58 620.29 1.88 29.20 2.48 0.2
34 533.17 675.93 1.00 64.40 36.80 0.0
35 531.37 607.86 1.00 63.20 6.88 0.1
36 533.83 659.15 1.00 28.80 16.04 0.0
37 534.20 750.34 1.00 132.00 108.00 0.0
38 537.98 686.87 1.00 68.40 38.00 0.0
39 541.00 655.99 1.00 240.00 6.16 0.3
40 563.11 660.22 1.00 69.60 33.20 0.0
41 563.39 675.18 1.00 260.00 75.60 0.1
42 566.03 665.92 1.00 69.60 12.92 0.1
43 570.88 574.81 1.00 408.00 12.56 0.5
44 586.95 570.67 1.00 204.00 128.00 0.0
45 581.18 533.09 1.00 252.00 1.16 0.4
46 582.90 405.78 1.00 51.60 5.72 0.2
47 589.07 673.11 1.00 26.00 1.28 0.1
48 603.13 546.93 1.00 220.00 200.00 0.0
49 607.18 530.88 1.00 300.00 140.00 0.2
50 642.11 232.93 1.00 6.16 3.00 0.0
51 656.14 371.98 1.00 17.20 1.00 0.0
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Luminosities, Masses and Sizes of the Knots
To get the luminosities of the knots we needed to know the distance to NGC 3395 
and NGC 3396. The distances are calculated using the redshift. First, however, we 
needed to correct for the motion of the earth  around the sun, which is a small effect, 
the motion of the sun around the Milky Way, the peculiar motion of the Milky Way 
and the motion of the Milky Way and NGC 3395/6 with respect to the Virgo Cluster. 
This Virgo-centric corrected distance to NGC 3395/6 was calculated using the models 
in Schechter (1980). For cz =  1625 km /s, as found in NASA/IPAC Extra-galactic 
Database (NED), the Virgo-centric flow corrected cz =  2132 km /s and the distance, 
with Ho =  75 km s"^ Mpc“  ̂ and qo =  0.5, is 28.3 Mpc.
Figures 16 and 17 are color vs flux plots for NGC 3395 and NGC 3396. As with 
the color-color plots the solid line is the starburst model of Leitherer et al. (1999) 
with E(B—V)=0.0 and the dashed line is the same model with E(B—V)=0.3. The 
assumptions made for this model are the same as for the color-color plots discussed 
earlier. The assumed total mass of each model is 10® M©. Most of the data  points 
lie below the model in these plots. The da ta  points in Figures 8 and 9 are not below 
the model. The reason for this is th a t in Figures 8 and 9, the color-color plots, the 
vertical axis is the ratio of fluxes, so there is no dependency on mass. In the color vs 
flux plots. Figures 16 and 17, the vertical axis is the FUV flux. The total flux of each 
knot is dependent on the total mass of th a t knot. Because most of the data points 
lie below the model, we can say th a t the masses of most of the knots in both NGC 
3395 and NGC 3396 are less than th a t of the model, 10® M0 .
We have determined a best, maximum and minimum mass for each knot. The 
ratio of the observed flux of a knot, F knot, to  the flux of a point on the model, Fmodei, 
is equal to some constant, lets say a. If one assumes th a t the flux goes as the mass 
then we can say that the ratio of the mass of the knot, Mjtnof, to the mass of the
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model, Mxnode/, is equal to tha t same constant. In other words =  a =  '
Leitherer et al. (1999) assumed th a t M^odei =10® MO , so Mfc„ot =  a x  10® MG . We 
determine the best mass by solving for the constant, a, using F knot, for each knot and 
Fmodei corresponding to the point on the model where the best age was determined. 
The maximum and minimum masses were determined in a similar fashion. These 
masses are presented in Tables 10 and 11 along with escape velocities. The masses 
of the knots in these tables are actually the masses of the stars from 1 to 1OOM0 . 
The IMF assumed in the model was truncated a t a lower mass of 1 M0  because stars 
below tha t mass do not emit significantly in the UV. To determine the mass of all 
the stars in the knots, 0.1 M0  to  100 M0  one needs to multiply the masses in the 
tables by a factor of 2. For future reference we will refer to the mass of a knot that 
includes the stars from 0.1 M0  to 100 M0  as the total mass.
We find tha t the to tal masses of almost all of the knots in both galaxies are less 
than 10® M0 . The average best to ta l mass for all the knots in NGC 3395 is 9 x 10  ̂
M0  and 8 x  10“* M0  for all the knots in NGC 3396. Most galactic globular clusters 
have masses greater than 10® M0  (Pryor & Meylan 1993). We find th a t 26 knots in 
NGC 3396 have best masses >  10® M0  and 17 knots in NGC 3395 have best masses 
>  10® M0 . When we look a t the minimum masses we find that 18 knots in NGC 
3396 have a minimum mass >  10® M0  and 7 knots in NGC 3395 have a minimum 
mass >  10® M0 . Our finding suggests th a t several knots may have masses consistent 
with tha t of young globular clusters and 25 knots have a total minimum mass tha t is 
consistent with the masses of typical galactic globular clusters. However, several of 
the knots in both NGC 3395 and NGC 3396 have masses less than th a t of a typical 
galactic globular cluster.
Figures 18 & 19 show the distribution of the FWHM of the knots for NGC 3395 
and NGC 3396. We find tha t most of the knots in both galaxies have FWHM < 20
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pc. The smallest FWHM that we can measure is ~2.5 pixels, corresponding to ~ 9  
pc a t the distance of NGC 3395/6. The average effective radius, |  of the FWHM, of 
a knot in both NGC 3395 and NGC 3396 is ~ 7  pc. Whitmore et al. (1995) find that 
clusters in NGC 4038/4039 have an average diam eter of 18 pc and in NGC 7252 an 
average radius of 10 pc is observed for the older clusters outside the central gas disk. 
Our measurements of FWHM are within this range. Globular clusters in the Milky 
Way and in M87 have effective radii of about 3 pc (Miller et al. 1997). So it appears 
tha t some of the smallest young star forming knots in NGC 3395 and NGC 3396 are 
compact enough at this time to be consistent w ith the sizes of typical galactic globular 
clusters. Some of the FWHMs that we measured are upper limits, so it is possible 
tha t some of the knots in NGC 3395 and NGC 3396 are smaller than measured.
W hitmore et al. (1995) suggest tha t perhaps younger star clusters tend to be 
more diffuse and th a t at a later time they may collapse to a smaller size or the outer 
parts may evaporate due to their low density. The suggestion being made is that 
there seems to be a trend toward smaller mean cluster radii with time.
One question th a t remains is, are the stars in these knots gravitationally bound? 
By calculating the escape velocity at the radii of each knot using the best mass of 
each knot, multiplied by a factor of 2 to include the mass of stars from 0.1 M© to 1 
M© , we find the median Y^sc to be 8 km s~^ in NGC 3395. In NGC 3396 we find 
the median Vgac to be 13 km s“ .̂ As mentioned earlier. The FWHM of some of the 
knots is an upper limit so the Y  esc for the knots could be larger.
The typical dispersive velocity, V, for a  s ta r in a galactic globular cluster is ~ 6.8 
km s~^ (Pryor & Meylan 1993). There are 42 knots in NGC 3396 that have Y  esc >6  
km s“ .̂ There are 46 knots in NGC 3395 th a t have Y  esc >6  km s~^. The velocity 
dispersion of 6.8 km s“  ̂ is one sigma. This means that ~67% of the stars in such 
a globular cluster have a velocity tha t is less than  or equal to 6.8 km s“ .̂ Consider
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a  velocity of 13.6 km s~^, V 2Œ or twice the typical dispersive velocity, and more 
conservatively, a  velocity of 20.4 km s“ ,̂ or three times the typical dispersive 
velocity. There are 13 knots in NGC 3395 tha t have a Yesc >  and 26 knots in 
NGC 3396 th a t have a Vg ĉ >  Vgo- There are 3 knots in NGC 3395 that have a  Y  esc >  
Vgo- and 15 knots in NGC 3396 that have a Yesc >  Y^a- The 18 knots mentioned 
above with Vgsc >  Vg,y all have a minimum mass more tha t 10® MO . It is likely then 
that these 18 massive knots in both NGC 3395 and NGC 3396 are gravitationally 
bound systems.
The FWHM of these 18 knots is ~10 pc, or ~5  pc in radius, which is typical 
of the size of a galactic globular cluster. The resolution limit of the FUV MAMA 
is ~9 pc FWHM or ~4.5 pc in radius. Some of these knots could be smaller than 
measured. It would appear, at least to first order, tha t the 18 knots mentioned above 
are gravitationally bound. Looking at their sizes and masses and escape velocities, it 
seems feasible th a t they are proto-globular clusters.
Figures 20 & 21 show the distribution of FUV flux for each of the two galaxies. 
If one assumes an unreddened sample, these FUV flux distributions correspond to  a 
range of ~  3 — 150 05V  stars per knot. If E(B—V)=0.3, the fluxes correspond to 
~  50 — 3200 05V  stars per knot. Tables 12 and 13 present the colors and fluxes of 
the knots in NGC 3395 and NGC 3396.
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Figure 16 Color vs Flux plot for NGC 3395. The solid line shows the E(B—V)=0.0 
evolutionary track of Leitherer et al. (1999) and the dashed line shows the corre­
sponding E(B—V)=0.3 track. Error bars are 1 a.
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Figure 17 Color vs Flux plot for NGC 3396. The solid line shows the E(B—V)=0.0 
evolutionary track of Leitherer et al. (1999) and the dashed line shows the corre­
sponding E(B—V)=0.3 track. Error bars are 1 a.
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Table 10 NGC 3395 Masses
Knot Min. Mass 
(10«Mo)
Max. Mass 
(10®Mo)
Best Mass 
(lO^Mo) (km s~^)
1 0.0104 0.0874 0.0215 5.4
2 0.0102 0.0818 0.0208 5.2
3 0.0023 0.0100 0.0019 2.1
4 0.0159 0.0920 0.0399 10.3
5 0.0423 0.4349 0.0925 13.0
6 0.0107 0.0907 0.0433 9.0
7 0.0583 0.2690 0.1882 16.8
8 0.0115 0.0638 0.0136 5.8
9 0.0014 0.0028 0.0013 2.1
10 0.0125 0.1301 0.0170 7.3
11 0.0137 0.1036 0.0374 7.5
12 0.0164 0.0640 0.0328 10.7
13 0.0177 0.1487 0.0322 7.7
14 0.0071 0.0382 0.0120 6.1
15 0.0017 0.0038 0.0016 2.1
16 0.0190 0.1725 0.0387 9.7
17 0.1562 0.6102 0.5173 43.2
18 0.0299 0.1664 0.0977 19.2
19 0.0009 0.0020 0.0015 2.1
20 0.0174 0.0649 0.0170 5.8
21 0.0215 0.1593 0.0815 16.6
22 0.0026 0.0252 0.0060 2.8
23 0.0103 0.1198 0.0139 6.4
24 0.0064 0.0401 0.0095 5.7
25 0.0093 0.0441 0.0185 6.9
26 0.0124 0.0507 0.0249 10.3
27 0.0106 0.1343 0.0229 9.8
28 0.0093 0.0619 0.0284 11.5
29 0.0063 0.0483 0.0420 9.9
30 0.0178 0.0885 0.0177 7.3
31 0.0092 0.0470 0.0047 4.8
32 0.0029 0.0200 0.0115 6.1
33 0.0211 0.1440 0.0734 13.4
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Knot Min. Mass Max. Mass Best Mass
(10=M@) (lOfMo) (ICfMe) (km s“ )̂
34 0.0093 0.0945 0.0507 12.9
35 0.0040 0.0384 0.0085 6.1
36 0.0052 0.0372 0.0268 9.5
37 0.0269 0.3845 0.2168 21.7
38 0.0340 0.2290 0.1289 12.7
39 0.0177 0.0707 0.0353 9.4
40 0.0451 0.1736 0.0836 9.3
41 0.0077 0.0793 0.0424 13.9
42 0.0044 0.0336 0.0217 7.8
43 0.0128 0.1137 0.0280 9.2
44 0.0024 0.0165 0.0024 3.0
45 0.0020 0.0045 0.0040 3.3
46 0.0132 0.0939 0.0482 14.3
47 0.0015 0.0104 0.0032 2.9
48 0.0012 0.0085 0.0012 1.8
49 0.0029 0.0261 0.0192 7.6
50 0.0028 0.0178 0.0097 5.7
51 0.0026 0.0029 0.0026 2.4
52 0.0126 0.0689 0.0187 8.1
53 0.0116 0.0445 0.0302 7.1
54 0.0139 0.0296 0.0287 10.3
55 0.0511 0.2962 0.1015 22.4
56 0.0008 0.0018 0.0006 1.2
57 0.0173 0.0182 0.0172 5.8
58 0.0991 0.1041 0.1026 13.1
59 0.1263 0.1276 0.1276 13.6
60 0.0560 0.0523 0.0541 9.5
61 0.0987 0.0987 0.0987 14.0
62 0.0690 0.0653 0.0671 15.4
63 0.0112 0.0819 0.0332 8.1
64 0.0448 0.1005 0.0468 9.6
65 0.0326 0.3414 0.0176 6.1
66 0.0054 0.0066 0.0055 4.4
^Vesc calculations were made with the best mass x 2
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Table 11 NGC 3396 Masses
Knot Min. Mass 
(10® Mo)
Max. Mass 
(10®Mo)
Best Mass 
(10®Mo) (km s"i)
1 0.0202 0.0794 0.0386 8.6
2 0.0039 0.0230 0.0082 4.9
3 0.0044 0.0223 0.0040 3.5
4 0.0078 0.0310 0.0064 3.1
5 0.0015 0.0034 0.0027 2.8
6 0.0288 0.2725 0.0902 14.6
7 0.0958 0.4086 0.0897 12.0
8 0.0278 0.0292 0.0284 10.4
9 0.0689 0.0764 0.0689 14.3
10 0.0573 0.0667 0.0640 13.3
11 0.0098 0.0688 0.0179 6.2
12 0.0187 0.1333 0.0529 13.4
13 0.0386 0.3128 0.2253 21.6
14 0.0807 0.3123 0.0500 10.5
15 0.0082 0.0688 0.0117 4.7
16 0.0408 0.2244 0.1448 22.6
17 0.0861 0.4020 0.3089 29.7
18 0.1003 0.4244 0.3317 27.6
19 0.0091 0.0734 0.0185 7.1
20 0.0017 0.0038 0.0015 2.7
21 0.0139 0.0930 0.0193 6.8
22 0.0517 0.3254 0.1169 18.8
23 0.0260 0.2178 0.1560 19.9
24 0.0277 0.1672 0.0699 14.4
25 0.2395 0.8221 0.7420 29.9
26 0.8446 3.1711 0.5245 22.7
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Knot Min. Mass 
(10®Mq)
Max. Mass 
(10® Mo)
Best Mass 
(10®M@) (km s"i)
27 0.4134 1.1940 1.1134 61.9
28 0.0146 0.0897 0.0074 4.6
29 0.0232 0.1974 0.1205 16.4
30 0.0065 0.0563 0.0204 8.3
31 0.0789 0.9177 0.4933 28.8
32 0.1306 0.4459 0.3906 24.8
33 0.1033 0.3392 0.0984 12.4
34 0.0194 0.1427 0.0717 13.0
35 0.0318 0.2276 0.0322 10.6
36 0.0074 0.0547 0.0255 10.8
37 0.1120 0.7653 0.5986 44.5
38 0.0154 0.1235 0.0592 13.5
39 0.0390 0.3011 0.0306 9.2
40 0.0105 0.0868 0.0346 9.5
41 0.0348 0.3294 0.1170 17.3
42 0.0103 0.0847 0.0279 10.1
43 0.4260 1.9404 1.1131 63.0
44 0.0359 0.5121 0.2353 23.9
45 0.0772 0.6739 0.0751 21.5
46 0.0063 0.0352 0.0119 5.6
47 0.0047 0.0297 0.0045 2.7
48 0.2038 1.2819 1.0444 59.0
49 1.7025 9.0979 12.6264 210.1
50 0.0012 0.0026 0.0010 2.2
51 0.0013 0.0121 0.0013 2.1
^Vgac calculations were made with the best mass x 2
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Figure 18 Distribution of knot sizes for NGC 3395. Shown are the FUV FWHMs. 
Vertical line marks the resolution limit of STIS FUV MAMA in pixels.
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Figure 19 Distribution of knot sizes for NGC 3396. Shown are the FUV FWHMs. 
Vertical line marks the resolution limit of STIS FUV MAMA in pixels.
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Figure 20 D istribution of FUV flux for NGC 3395.
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Figure 21 Distribution of FUV flux for NGC 3396.
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Table 12 NGC 3395 Colors and Fluxes
Knot L O G ( ^ ) L O G ( g ^ ) LOG (FUV)
1 1.06 0.09 -16.52
2 1.08 0.10 -16.53
3 1.47 0.18 -16.74
4 0.96 0.10 -16.76
5 0.75 0.07 -16.34
6 1.04 0.22 -16.51
7 0.93 0.16 -16.16
8 1.13 0.14 -16.47
9 1.78 0.14 -16.48
10 0.97 0.20 -16.44
11 1.07 0.16 -16.40
12 1.35 0.12 -15.89
13 0.90 0.05 -16.71
14 1.17 0.08 -16.68
15 1.55 0.26 -16.46
16 0.83 0.05 -16.68
17 0.95 0.16 -15.68
18 0.90 0.16 -16.49
19 1.63 0.17 -16.74
20 1.17 0.14 -16.27
21 0.86 0.20 -16.63
22 1.43 0.23 -16.26
23 0.95 0.18 -16.52
24 1.26 0.21 -16.30
25 1.35 0.14 -16.14
26 1.34 0.13 -16.01
27 0.94 0.10 -16.51
28 1.10 0.18 -16.57
29 1.22 0.15 -16.31
30 1.30 -0.0 -16.61
31 1.16 0.27 -16.57
32 1.29 0.17 -16.64
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Knot L O G ( ^ ) L O G ( ^ ) LOG(FUV)
33 0.89 0.16 -16.64
34 1.00 0.13 -16.56
35 1.20 0.13 -16.51
36 1.24 0.15 -16.39
37 0.71 0.18 -16.53
38 1.05 0.18 -16.00
39 1.35 0.14 -15.86
40 1.14 0.09 -15.87
41 1.01 0.19 -16.65
42 1.24 0.16 -16.47
43 1.01 0.11 -16.43
44 1.46 0.27 -16.29
45 1.55 0.18 -16.39
46 1.06 0.28 -16.41
47 1.48 0.22 -16.50
48 1.51 0.23 -16.58
49 1.25 0.09 -16.64
50 1.31 0.18 -16.66
51 1.77 0.25 -16.16
52 1.26 0.20 -16.00
53 1.38 0.19 -16.02
54 1.52 0.21 -15.54
55 0.76 0.09 -16.68
56 1.72 0.16 -16.77
57 1.47 0.14 -15.78
58 1.43 0.21 -15.02
59 1.12 0.22 -15.13
60 1.54 0.23 -14.93
61 1.48 0.22 -15.03
62 1.55 0.22 -14.82
63 1.11 0.17 -16.48
64 1.29 0.13 -15.76
65 1.24 0.35 -16.02
66 1.42 0.00 -16.62
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Table 13 NGC 3396 Colors and Fluxes
Knot L O G ( ^ ) L O G ( ^ ) LOG (FUV)
1 1.13 0.09 -16.22
2 1.31 0.15 -16.51
3 1.33 0.21 -16.46
4 1.40 0.19 -16.21
5 1.62 0.17 -16.49
6 0.69 0.25 -16.93
7 0.96 0.06 -15.91
8 1.46 0.16 -15.57
9 1.16 0.05 -15.95
10 1.35 0.11 -15.60
11 1.14 0.10 -16.54
12 0.93 0.19 -16.69
13 0.98 0.13 -15.95
14 0.97 0.20 -15.97
15 1.21 0.26 -16.19
16 1.07 0.17 -15.92
17 0.90 0.15 -16.00
18 0.94 0.15 -15.89
19 1.08 0.07 -16.58
20 1.62 0.22 -16.44
21 1.15 0.13 -16.39-
22 0.77 0.13 -16.67
23 0.99 0.18 -16.12
24 0.95 0.12 -16.52
25 0.98 0.09 -15.49
26 0.94 0.25 -14.95
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Knot L O G ( ^ ) L O G ( ^ ) LOG (FUV)
27 1.18 0.17 -14.83
28 1.13 0.20 -16.37
29 1.01 0.14 -16.17
30 1.10 0.22 -16.72
31 0.72 0.09 -16.06
32 1.14 0.15 -15.36
33 1.16 0.15 -15.45
34 1.06 0.19 -16.25
35 1.02 0.16 -16.03
36 1.24 0.18 -16.24
37 0.79 0.14 -15.91
38 1.05 0.18 -16.35
39 0.79 -0.1 -16.80
40 1.09 0.17 -16.51
41 0.70 0.11 -16.85
42 1.08 0.15 -16.52
43 0.13 -0.0 -16.61
44 0.71 0.47 -16.41
45 0.56 0.09 -16.50
46 1.19 -0.2 -16.74
47 1.31 0.24 -16.43
48 0.59 0.12 -16.08
49 0.27 0.15 -15.58
50 1.70 0.25 -16.59
51 1.48 0.23 -16.57
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CHAPTER 5 
SUMMARY
We have undertaken a study of the star-forming properties of a system of inter­
acting galaxies, NGC 3395 & NGC 3396, using the Space Telescope Imaging Spec­
trograph (STIS) on Hubble Space Telescope (HST). W ith these high resolution HST 
images we have identified individual star forming knots. We present luminosities, 
luminosity distributions, sizes and colors of the knots. The ages and masses of these 
s ta r forming regions are constrained.
Most knots have ages <  8 x 10^ years in both NGC 3395 and NGC 3396. Some 
knots are as young as 5 x 10® years. The maximum age distributions. Figures 11 and 
14, shows 19 knots in NGC 3395 and 7 knots in NGC 3396 must have ages less than 
20 Myrs. From Figures 10 and 13, the best age distributions, it is likely th a t even 
more knots in both galaxies have ages less than 20 Myrs. In NGC 3395, 43 knots 
have a best age less than 10 Myrs and in NGC 3396, 24 knots have a best age less 
than  10 Myrs. This suggests th a t there has been extensive recent star formation in 
this system.
In NGC 3395 we find star formation throughout the central 3.4x3.4 kpc of the 
galaxy. Star formation did not begin at the center. We find a very young population, 
~  6.5 X  10® years, just beside the center and older populations away from the galactic 
center. In NGC 3396 we find the youngest populations near the center and a t the outer 
edges. Comparison with the model suggests that the reddening for individual knots 
in NGC 3395 and NGC 3396 ranges from E(B—V)=0.0 to E(B—V)=0.6, indicating
69
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th a t the dust in the starburst regions is patchy. Most of the knots appear to have a 
reddening between E(B —V)=0.0 and E(B—V)=0.3.
The FUV spatial profiles of most of the knots in both galaxies have FWHM < 20 
pc. The average effective radius of a knot in both NGC 3395 and NGC 3396 is ~7  pc. 
It appears that some of the knots in NGC 3395 and NGC 3396 are compact enough at 
this time to be consistent w ith the sizes of typical galactic globular clusters. Whitmore 
et al. (1995) find th a t clusters in NGC 4038/4039 have an average diameter of 18 pc, 
and in NGC 7252 an average radius of 10 pc is observed for the older clusters outside 
the central gas disk. O ur measurements of FWHM are within this range. Some of the 
FWHMs that we measured are upper limits, so it is possible that some of the knots 
in NGC 3395 and NGC 3396 are smaller than measured.
The masses of most of the knots in both NGC 3395 and NGC 3396 are less than 
10® M o. The average best mass for NGC 3395 is 9 x  10“* M0  and 8 x 10“* M0  for 
NGC 3396. When we look a t the minimum masses we find that 18 knots in NGC 
3396 have a m in im u m  mass >  10® M0  and 7 knots in NGC 3395 have a minimum 
mass >  10® M o. Our finding suggests th a t several knots have total best masses that 
are consistent with th a t of young globular clusters and 25 knots have to ta l minimum 
masses that are consistent with the masses of globular clusters. By calculating the 
escape velocity for each knot using the best mass of each knot, multiplied by a factor 
of 2 to include the mass of stars from 0.1 MO to 1 MO , we find the average Vesc to 
be 8 km s~* in NGC 3395. In NGC 3396 we find the average Vgsc to be 13 km s“ *. 
Because of the spatial resolution of STIS, the radii of some of the knots are in fact 
upper limits so the Y  esc of such knots will be larger. Looking at the sizes and masses 
of the 18 knots with Yesc >  Va .̂, it seems plausible th a t they are proto-globular 
clusters.
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